The present paper reports on a user-centred evaluation of a pilot terminology service developed as part of the High Level Thesaurus (HILT) project at the Centre for Digital Library Research (CDLR) in the University of Strathclyde in Glasgow. The pilot terminology service was developed as an experimental platform to investigate issues relating to mapping between various subject schemes, namely Dewey Decimal Classification (DDC), Library of Congress Subject Headings (LCSH), the Unesco thesaurus, and the MeSH thesaurus, in order to cater for crossbrowsing and cross-searching across distributed digital collections and services. The aim of the evaluation reported here was to investigate users' thought processes, perceptions, and attitudes towards the pilot terminology service and to identify user requirements for developing a full-blown pilot terminology service.
Introduction and overview
This paper deals with a workshop-based user evaluation of a pilot terminologies server developed as part of the Joint Information Systems Committee (JISC) funded High Level Thesaurus (HILT) Phase II project. Details of the evaluation process are provided, and workshop results and their significance for HILTare summarised. An illustrated description of the pilot server is also presented. Key workshop results are included in three appendices at the end of this paper. The complete results set is available in Appendix D.3 of HILT (2003) . The paper does not cover the general problems of attaining subject interoperability in a distributed, multi-scheme environment. Further information on these can be found in Nicholson and Shiri (2003) , Nicholson et al. (2002) , and in section 3 of the addendum to HILT (2003) .
HILT Phase II was funded to set up a pilot terminologies service for the JISC information environment (IE), aiming to:
. provide a practical experimental focus within which to investigate and establish subject terminology service requirements for the JISC IE; and . make recommendations as regards a possible future service.
The workshop furnished user feedback that influenced the subsequent development of the terminologies server specification, providing feedback on the usability of the pilot interface, the need for a UK oriented scheme modifications registry (see Nicholson et al., 2002) , the need for mapping to fairly specific levels of granularity, the effects of training, and other matters. However, its outcomes are also of interest beyond HILT.
Specific workshop aims were:
.
to find out what students, researchers, lecturers and intermediaries thought of the pilot interface and its features and facilities (how could they be improved?) (primary aim);
to discover something about their subject retrieval behaviour and associated thought processes;
to compare the terms they use with terms in the HILT database;
. to compare terms used by students, researchers, lecturers and intermediaries to describe some documents by subject (URLs);
. to see whether there was any evidence in the results to suggest that learning or experience improves performance in using the interface; and .
to utilise the data obtained to learn about the efficacy of the general approach.
The pilot terminologies server
The primary purpose of the server At an early stage, a view was taken on the primary purpose of the server. It was agreed with the project management and steering groups that the function of the proposed terminologies server should be: to optimise the ability of users to carry out successful subject searches by providing a process that would, in time, permit JISC and JISC services to:
(1) Achieve and maintain as high a level of interoperability as possible between:
. the different standard subject schemes and versions of standard schemes in use in different services, both within and beyond JISC;
. amendments, additions, and extensions made to standard schemes across the services; and .
terms employed by users when composing search strategies. (2) Optimise both the consistency with which staff across various services apply schemes in the subject description of materials, and the ability of users to formulate successful search queries, through the provision of information on descriptive term usage, appropriate training, and helpful feedback mechanisms (e.g. a "disambiguation" facility to help clarify the subject of a user search).
Note that the aim is neither to improve precision at the expense of recall, nor to improve recall at the expense of precision, but rather to provide users with the information they require to do either of these things depending on their needs at a given time.
Assumptions
Two assumptions were made at the outset:
(1) That the terminologies server would be the basis of a community process that would develop, maintain, and gradually improve interoperability of subject descriptions by mapping terminology sets to a Dewey Decimal Classification (DDC) spine and that the aim of the project was to determine specific design requirements based on this approach. Not only was the focus on mapping in line with the community consensus in HILT I (see http://hilt.cdlr.strath.ac.uk/ Reports/Documents/HILTfinalreport.doc), which strongly favored this approach over the adoption of a single scheme and other options (HILT, 2002) , it was also felt that mapping schemes together was probably the approach most likely to be compatible internationally.
Even if JISC were to adopt a single subject or class scheme across all services, it is unlikely that the same scheme would be widely adopted elsewhere. Mapping is a widely used approach to providing interoperability (see for example, CARMEN Projectwww.bibliothek.uni-regensburg.de/projects/ carmen12/; MACS Project -http://infolab. kub.nl/prj/macs/; LIMBER Projectwww.limber.rl.ac.uk; RENARDUS www.renardus.org/). Work that focused on DDC as the basis of the mapping is described in Heery et al. (2001) , Koch et al. (2001) , and Saeed and Chaudhury (2002) . (2) That software produced by Wordmap (see www.wordmap.com/) would be the basis of the pilot service. This is built around an Oracle database of terminology mappings, a windows "drag and drop" type staff interface to enable the creation and amendment of mappings, and a Web-based user interface. The staff interface was used "as is" but other elements (the database and, more particularly, the user interface) were significantly altered to suit project purposes.
Illustrated description of the pilot server
At the time of writing, the pilot terminologies server is accessible on the Web at http://hiltpilot. cdlr.strath.ac.uk/pilot2/top.php. Whether it will be available long-term will depend on whether or not a HILT Phase III is funded as recommended by the Phase II Final Report and on the basis of any Phase III. Details of its operation can be found in HILT (2003) and in the illustrative description provided below. The following is an illustrated description of the pilot as evaluated at the user workshop.
Subject schemes
Four subject schemes have been incorporated into the pilot terminologies server. These are: (1) DDC. The DDC to LCSH mapping was provided by OCLC and is extensive but not complete. The Unesco and MeSH mappings were added by the project team and are illustrative only.
JISC collections database
One of the components of the server is a database covering JISC collections and services, consisting of URL links and brief descriptions of each collection or service, or service collection strength. Each collection, service, or service collection strength is classified by DDC. The database also records which subject scheme collections and services use to describe resources. The database is used within HILT to identify which collections are relevant to a user's search and what schemes the collections use locally.
Mapping functions
A literature review was conducted to investigate the problems and issues in integrating and mapping thesauri and classification schemes, and to study the different types of mapping in existence. A list of 19 match types identified by Chaplan (1995) was noted as a design issue. In order to explore further the problems and issues of mapping in practice some mapping exercises were carried out and reported in HILT (2003) . Based on the literature review and the mapping exercise some simple match types were selected to build into the pilot server. The match types are shown in Table I with examples.
User and staff interfaces
The end-user interface of the pilot server is illustrated by Figures 1-3 , covering the home page, the disambiguation page, and the collection identification page. Aspects of their design were influenced by a review of thesaurus-enhanced search interfaces conducted by Shiri et al. (2002a) .
The staff interface allows the librarians and indexers to create, amend or manipulate different versions of subject schemes held within the pilot terminologies server. For instance, staff can make changes to local versions of DDC or Unesco through the interface. This is illustrated by Figure 4 . Figure 1 shows the homepage of the HILT pilot interface. This consists of a search bar, a brief description of the service, a link to search tips and DDC specific subject categories for browsing. The user enters a search term and the system responds with an appropriate disambiguation screen. Figure 2 depicts the disambiguation stage of the HILT pilot service with possible options retrieved from DDC. At this stage the user contextualises their search term(s) and decides which option to choose. This page consists of options set in context by displaying search terms within the appropriate DDC hierarchy. A button labelled "more results" is available should users desire to retrieve further options. The user selects their choice and the system responds with the collection selection screen. Figure 3 illustrates the collection selection stage. The features on this page include: a search bar, the DDC hierarchy for the selected term, a browsable list of JISC collections retrieved, information on the subject scheme used with a mapping from the unprocessed DDC number to the appropriate term in the subject scheme used by the highlighted collection, the DDC number for the collection, and a link to the host service's search screen option. If the user clicks on the highlighted term (e.g. Tooth in Figure 3 ), the collection is searched automatically using the selected term and sample retrieval presented to the user. Figure 4 shows the HILT pilot terminologies staff interface where different terminology instances can be created, modified, manipulated and mapped.
HILT methodologies and studies of user subject searching requirements
Research work in HILT Phase II was coordinated via a methodologies document. A section of this document dealt with "methodologies to ensure the investigation examines representative user types, tasks, and associated retrieval requirements, and strategies" and outlined work designed to ensure that project staff were well-informed on userassociated issues as they developed views on the HILT model, mapping, functionality and interface features, cost-benefit analysis requirements, and so on. This work had two main products. The first was a survey conducted by interviewing a range of users on their views on, and approaches to, subject searching. The second was the workshop-based user evaluation covered in the present paper. This focused on managed user interactions with the pilot terminologies service described above and drew out information on a range of issues relevant to its design and on some of the assumptions that underpinned the design. Further information on the approach used is provided in the next two sections.
Summary of workshop conditions and processes
Participants A total of 41 further and higher education users, covering a range of subject areas, and including 
Search-tasks
Search tasks used in the study comprised a combination of assigned search tasks and real search requests elicited from participants. Since medical terminology was a primary focus of the pilot, users were provided with an assigned medical term to search for. This allowed participants to familiarise themselves with the interface and the way it deals with a query. Users were also asked to search for a medical term of their choice. In addition, users were asked to bring a recently set exam, assignment or research question to use as the basis for a search task.
Data gathering tools
A number of data gathering tools have been utilised in interface evaluation and usability studies. For instance, the RENARDUS project made use of workshops, online questionnaires and interviews for gathering data on the usability of the service (RENARDUS, n.d.). The main datagathering tool used in the HILT study was a questionnaire presented in a workshop setting. It was divided into three sections. Section one elicited users' personal information. Section two aimed to identify users' perceptions of the interface in terms of ease of understanding, instruction given, language used and layout and organisation of the screen at different stages of the search process. For these issues, users searched the assigned medical search task as well as their own medical term. A seven-point Likert scale was presented for users to rate the ease of: finding the relevant term(s) at the disambiguation stage, the relevance of collections and services to the topic selected and the relevance of results retrieved from the collections database. In section three users were presented with two Web-based resources and asked to write down three subject terms to describe each. The aim was to investigate the way in which users describe a resource using subject terms and how consistency/inconsistency in the description of the same Web resource can be dealt with (the full questionnaire is reproduced in Appendix D.2 of HILT, 2003).
Experimental procedure
The workshop was conducted as follows:
Participants were asked to attend the workshop venue for either the morning or afternoon session (times were pre-assigned).
. Each received a brief description of the workshop aim and of the steps to be taken to complete the session.
Each received a copy of the eight page workshop questionnaire.
A randomly chosen selection of 15 of the 41 participants received a demonstration of the pilot terminologies server and a brief talk on its function. This lasted for five minutes and questions were then invited. The objective was investigate whether or not training would have an effect on user performance when operating the pilot server.
. In completing the workshop task, participants were asked to provide as much detailed information as possible on their thought processes during the course of their interaction.
. Participants were also told they could ask questions at any time if they needed clarification on tasks described in the questionnaire. In the event that they did ask, HILT staff expanded on the printed instructions but avoided telling them anything new that might skew results.
. Following completion, each participant's questionnaire was checked to ensure that HILT researchers had no difficulty in reading and/or understanding the responses.
Summary results related to workshop aims

Primary aim
To find out what students, researchers, lecturers and intermediaries think of the interface and its features and facilities (how could they be improved?).
The results here were generally very positive; surprisingly so, given that both the interface and the type of service were entirely new to the users in question. A selection of key results are provided in appendices 1-3 of this paper. Seven elements were examined. The first four were: ease of understanding the screen, language used, instruction given, and layout and organisation. For each of these elements, the ratings given by users were well above average. Additional comments and suggestions collected from users gave specific data that will be of value in improving the interface in an operational server. The remaining three elements examined were ease of choosing the most appropriate term (disambiguation stage), relevance of the collections found and relevance of the results retrieved from the collections database. Ratings given by users for these elements were good for the medical searches where users chose their own terms and topics, and less so (but still mostly above average) for the topics from real exam or essay questions which provided more general subject coverage.
Usability of the interface
The HILT workshop questionnaire asked a set of questions relating to four main search tasks. Detailed information elicited from participants is summarised below under the following headings:
. A medical search selected by HILT (Homepage (Table II) , Disambiguation (Table III) , Collection Selection stages (Table IV) ).
. A medical search selected by the users (Table V) .
. Two user selected searches in user selected subject areas (Tables VI and VII) .
Ratings shown are on a seven-point scale from 1 (very unclear) to 7 (very clear).
Secondary aims
To discover something about users' subject retrieval behaviour and associated thought processes.
Some data collected of relevance to this topic has been analysed and is reported under the other headings in this overview. However, a good deal of it could not be tackled fully within the timescale of the project. In particular, the questionnaires filled in by participants provide detailed information on how searches were conducted and the participants' assessments of the responses received from the pilot service. Full analysis of this requires a repetition by project staff of each user search and a comparison of their comments with the responses of the system.
To compare the user terms with terms in the HILT database. Analysis showed that close to 80 percent of search terms used by participants also appeared in the HILT mappings database. Approximately 20 percent of terms were not in the database and will be studied in any HILT Phase III as possible candidates for inclusion in a UK oriented scheme modifications registry term set ("digital divide" might be one example of a candidate term). The exercise produced some additional evidence of the need for a UK oriented scheme modifications registry term set; in particular, the attempt by a participant to search for GP (general practitioner).
To compare terms used by students, researchers, lecturers and intermediaries to describe some documents by subject (URLs).
Participants were given two Web sites and asked to provide three subject terms, for each, that they would use to describe them. It was hoped that the results would cast some light on any differences in terminologies utilised by students and staff (researchers, lecturers and intermediaries) describing resources. In the event, the results from the two groups were not very different as far as appropriate responses were concerned (many students may have misunderstood the task. They often used terms like "colourful", "crowded", "friendly", "appealing"). This may have been because the subjects covered by the sites they were asked to describe were too obviously specified on their homepages. A better test might have been to ask staff to use standard schemes and to also cover areas where UK oriented scheme modifications were thought to be needed. However, this would not have been practical in the workshop context. The full results of the exercise are available in HILT (2003) .
To see whether there is any evidence in the results to suggest that learning or experience improves performance in using the interface.
A small test was carried out to test this idea. Some participants were given a short presentation and demonstration of the service prior to completing the questionnaire; the remainder were left to their own devices. Results provided some evidence that training improved success, as presented in Appendix 2. In addition, 30 of the 41 participants stated that they felt more confident in the use of the interface as the tasks progressed (the questionnaire itself was designed to introduce participants to the various screens of the pilot in a gradual and progressive way and then required them to repeat their use of it for other topics. In short, the questionnaire itself was a training programme to some extent).
To utilise the data obtained to learn about the efficacy of the general approach (taken with service design).
See above under the effects of training, participants search terms, and participant reactions to the interface.
Other results
Results relating to the likely efficacy of limited granularity mapping
The project collected information on the kinds of exam, essay and tutorial questions set for or by the group of students, researchers, lecturers and intermediaries participating in the workshop (see Appendix 3). This, together with the search terms used by the group at the workshop (see Appendix 1), and those used in the earlier user interviews, lend support to the view that searches by users tended, in many cases, to cover fairly specific terms, suggesting that mapping only at higher levels of granularity was not sufficient to meet user needs.
The need for a more complex disambiguation interface It became clear from project work undertaken just before, during, and immediately after the user workshop that an interface permitting only one disambiguation choice was insufficient to deal with the complexity of user queries likely to be encountered, a conclusion also supported by the data on user assignments and search terms collected by the project.
Lessons learned
As is clear from the above summaries, the outcomes of the exercise were mixed in respect of the value of the data obtained. However, the following are worth noting as positive outcomes from the process:
Usability of the pilot interface Whilst it is clear there is scope for further improvement in respect of interface design, the usability results from this early pilot were encouraging. User evaluation of the various server screens, and their content, in the experiments conducted suggested that the approach to a range of design issues was at least on the right track. In addition, a good deal of further information was collected that will help identify design features regarded as either positive or negative by workshop participants and so help inform future improvements. It was also encouraging to note that users generally understood the purpose of the terminologies server and that there was also some evidence that training had a positive effect on user understanding and performance.
Subject retrieval behaviour
Although some of the data collected by the project on this front has yet to be analysed, useful information was gleaned from the exercise (see under the headings below).
The effects of training
Results provided some confirmation that, as assumed when the project outlined the primary purpose of a terminologies server (see paragraph above on the primary purpose of the server), training had a role to play in improving interoperability in respect of the terms employed by users and those featured in standard schemes.
The need for a UK-oriented scheme modifications registry During the workshop, one user verbally commented that he had entered "GP" for general practitioner and had inappropriate results. This, together with possible examples (e.g. "digital divide") from the user search terms detailed in Appendix 1) provided some confirmation of the need for an UK oriented scheme modifications registry first identified in HILT Phase I. HILT Phase I surveyed staff at JISC services on whether they amended or extended standard subject schemes and found that they did. The main reasons given for doing this were:
. to accommodate new concepts or areas of knowledge (31 percent);
. subject scheme is too broad (27 percent); and . to reflect user needs and demands (27 percent).
Inclusion of subject terms used by participants in the HILT mappings database
The results were encouraging in that they showed that four out of five terms input by users were in the pilot database already. Of more potential value, however, is the fact that the project was able to gather illustrative examples of terms not included in the database. This data will help inform the development of any future operational service.
More complex disambiguation facility
The pilot interface allowed users to choose only one term when disambiguating a search topic they had input. An comparison of system responses with the topics being researched by participants (see Appendix 3) and the terms used in their searches (see Appendix 1) showed that this would not always be sufficient.
Limited granularity mapping
Data from the workshop, together with supporting evidence from the earlier user interviews, also informed the project's view as regards the depth of mapping required in the terminologies server. The option of mapping between subject schemes, user terms, and DDC at less specific levels of granularity only was ruled out on the grounds that limiting mapping in this way would make it impossible to deal with the vast majority of most user subject queries. As indicated by the examples in Appendices 1 and 3 of the present paper, these tend at times to be more, rather than less, specific than the levels of granularity available in standard schemes. A particular point noted by the project is that there is no necessary connection between more general levels of granularity in subject description and "collection level requirements". The user need will most often be to map a subject search at a very specific level of granularity up to a collection classified at a higher level and then down again, within the local scheme used, to a level of granularity appropriate to the original query. Limited granularity mapping would not permit this. This is regarded as a significant outcome of the project, and suggests that the idea of a "high level thesaurus" which gives HILT its name gives a misleading perspective on the problem tackled by the project. on users' judgement of the interface A number of statistical tests were carried out to establish whether those who attended the demonstration session judged the interface differently from those who did not. In the following we report the results of the statistical tests.
A t-test on the effect of the demonstration session on participants' ratings of "instruction given on the HILT homepage" resulted in a p-value of 0.099. Table AII summarises the results. A t-test was run to assess the difference between the demonstration and non-demonstration groups in relation to their rating of ease of understanding the "teeth" screen. The t-test was found to be significant ( p ¼ 0.018), indicating that those who attended the demonstration session found the "teeth" screen easier to understand than those who did not attend the session. Table AIII summarises the result that indicates the importance of training for the search process.
A t-test was conducted to evaluate the difference between the two groups in terms of rating the ease of finding the subject category relevant to the user's search. The p-value was found to be 0.086 reflecting that those who attended the Notes: Around 80 per cent of users' search terms matched terms in the HILT database. Around 70 per cent of users' search terms have been matched to the HILT pilot server either exactly or partially. Concept matches constituted around 6 per cent of search terms. Over 3 per cent of users' search terms were matched to either broader or narrower terms in the HILT database and around 20 per cent of terms were not matched. An examination of these may provide useful data on the likely content of a UK-oriented scheme modifications registry term set demonstration session may have found the subject category relevant to their search more easily than those who did not attend the session. Table AIV shows details.
As was shown, clarity of the information given on the homepage, ease of understanding the disambiguation stage for the assigned search task and ease of finding the subject category on the homepage during browsing were all influenced to some extent by the demonstration effect. These findings suggest that training was a factor that affected some aspects of user interaction with the terminology service. Outline and discuss the theories of absolute and relative purchasing power parity. Does the empirical record suggest that PPP holds in the medium term.
. Produce a project report no longer than 3,500 words outlining the business case for developing an e-commerce; commercial Internet site. Choose a food production or processing company, and briefly describe it and its activities and products, including if possible the number of employees and the yearly value of its trade. Describe the quality problems encountered by the company, directly from contact with the company or indirectly from what you know or find out about its products. Describe the solutions to the problems actually adopted by the company, or suggest solutions to the problems you have identified.
. To determine the type of problems that occur in telecommunication business which require the application of business intelligence tools. Outline how protein functionality has been altered in food proteins by genetic modification of the primary structure through manipulation of genes, or a form of genetic selection or plant breeding. 
